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A single injection of  synthetic salmon calcitonin induced a transient  decrease  in the 
free-calcium fraction o f  blood plasma o f  f reshwater  st icklebacks.  This decrease  was e spe ­
cially p ronounced  in fish adapted to low-calcium freshwater .  The protein-bound calcium 
fraction was not noticeably affected. The often reported absence  o f  a hypocalcemic effect of 
calcitonin injections in fish may partly be attributed to the determinat ion  in most studies of  
total plasma calcium levels only, or  to the transient nature o f  the hypocalcemic response.
Eel a n d  s a lm o n  c a lc i to n in  h a v e  p o t e n t  
h y p o c a lc e m ic  a c t iv i t ie s  in ra t  an d  m o u s e  
b io a s s a y s  (O r im o  et cil., 1972; K e u t m a n n  et 
a l.} 1978). T h e  q u e s t i o n  w h e t h e r  th is  h o r ­
m one  a lso  in f lu e n c e s  b lo o d  c a lc iu m  in t e l e ­
o s t  f i s h  h a s  n o t  b e e n  a n s w e r e d  s a t i s ­
fac tor i ly  up  till n o w .  S o m e  a u th o r s  s h o w e d  
tha t  m a m m a l ia n  o r  fish c a lc i to n in  r e d u c e s  
(otal p l a s m a  c a lc iu m  in fish ( L o u w  et al., 
1967; C h a n  et al., 1968; L o p e z  et al., 1971; 
P e ig n o u x -D e v i l le  et al., 1975), bu t  m a n y  
a t t e m p t s  to  d e m o n s t r a t e  an  e ffec t  o f  c a l ­
c i ton in  on  to ta l  p l a s m a  c a lc iu m  r e m a in e d  
u n s u c c e s s f u l  ( P a n g  a n d  P i c k f o r d ,  1967; 
Pang, 1971; C o p p  et al., 1972; Y a m a u c h i  et 
//., 1978a; W e n d e l a a r  B o n g a ,  1980). T h e s e  
m d ings  h av e  led s o m e  a u th o r s  to  c o n c lu d e  
that  in t e l e o s t s  c a lc i to n in  is no t  spec i f ica l ly  
invo lved  in the  h o r m o n a l  c o n t ro l  o f  c a lc iu m  
m e t a b o l i s m ,  b u t  r a t h e r  in h y d r o m i n e r a l  
regu la t ion  in g e n e ra l  (O r im o  et al., 1972; 
S u r y a w a n s h i  a n d  M a h a j a n ,  1976), o r  in 
sexua l  m a tu r a t i o n  ( Y a m a u c h i  et al., 1978b).
In th is  n o te  the  e f fec ts  o f  s y n th e t i c  sa l ­
mon c a lc i to n in  on  p l a s m a  ion c o m p o s i t i o n  
and  o s m o la r i ty  in s t i c k le b a c k s  a d a p t e d  to 
normal f r e s h w a te r  an d  to low -ca lc ium  f r e sh ­
w ater  are desc r ibed .  In fish from  low-calc ium 
f r e s h w a te r  the  c a lc i to n in  p r o d u c t io n  in the  
u l t im o b ra n c h ia l  b o d y  is l ikely to  be ve ry  
low ( W e n d e l a a r  B o n g a ,  1980). T h i s  m a y  
facil i tate  the  d e t e c t io n  o f  an y  e f fec t  o f  the
e x o g e n o u s  h o r m o n e .  E v i d e n c e  is p r e s e n t e d  
t h a t  c a l c i t o n i n  r e d u c e s  th e  f r e e - c a l c i u m  
f rac t io n  in b lo o d  p la s m a .
MATERIALS A ND M E T H O D S
A d u l t  s t i c k l e b a c k s  (G asterosteus aculea tus  
trachurus), 2 . 5 - 3 . 0  g body wt, were caught in canals  
in early spring. Since sexual maturation affects cal­
cium metabolism in males as well as females,  only im­
mature fish were used. The data  presented concern 
female fish with a gonadosomatic  index varying be­
tw een  0.052 and 0.061 (ratio o f  gonadal  and body 
weight). They were kept for at least 4 weeks in fresh­
water  aquaria  at 22° under  a daily light period o f  8 hr. 
One week prior to injection fish were transferred to 
artificial f reshwater  (Ca-*:0.80 mmol/liter; for co m p o ­
sition see Wendelaar  Bonga and Van der Meij, 1980) or 
to low-calcium artificial f reshwater  (Ca-*:0.08 mmol/ 
liter). Synthetic  salmon calci tonin (specific activity 
4000 U/mg; gift from A rm our  Pharmaceutical  C o m ­
pany, Kankakee ,  111.) was adminis tered by a single 
intraperitoneal injection o f  10 mll /g ,  dissolved in 10 /jl \ 
of a solution of  0.6% NaCl and \% gelatin in distilled 
water.  Controls  were injected with a similar volume of 
the solvent. Six hours after  injection (f reshwater  fish) 
or 2, 6, and 10 hr after  injection ( low-calcium-adapted 
fish) animals were anesthet ized  in a solution o f  MS- 
222. Blood was collected from the caudal arteries. 
Plasma samples o f  four fish were pooled and one part 
o f  the p lasma was used for de te rm ina t ion  o f  total 
plasma calcium, Na*, K ' ,  Cl",  and osmolari ty.  The 
o ther  part was deproteinized by ultrafiltration (Sar- 
torius M embran  filter, cut  off: 1000 M), and free- 
plasma calcium was determined in the filtrate. The 
techn iques  used were  repor ted  ear l ier  (W ende laa r  
Bonga and Van der Meij, 1980). Results were tested 
for significance by S tuden t ' s  t test ( two tailed).
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R E S U L T S
Six h o u r s  a f te r  in jec t ion  o f  c a lc i to n in  in 
f r e s h w a t e r  s t i c k l e b a c k s  to ta l  p l a s m a  c a l ­
c iu m  did no t  d i f fe r  s ign if ican t ly  f ro m  th a t  
o f  c o n t r o l s .  H o w e v e r ,  f r e e - c a l c iu m  c o n ­
c e n t r a t i o n  w a s  2 4 %  l o w e r  t h a n  th e  c o n ­
trol  va lue  (T ab le  1).
In c a l c i t o n i n - t r e a t e d  f i s h  a d a p t e d  to  
lo w -c a lc iu m  f r e s h w a t e r ,  to ta l  p la s m a  c a l ­
c iu m  as  well  as  the  f r e e -c a lc iu m  f ra c t io n  
w e re  s ign if ican t ly  lo w e r  th a n  th o s e  in c o n ­
trol fish (T ab le  1). D a ta  s h o w  th a t  a lm o s t  
90%  o f  the  r e d u c t io n  in the  to ta l  p la s m a  
c a lc iu m  c o n c e n t r a t i o n  w a s  a c c o u n t e d  for  
by the  d e c r e a s e  in the  f r e e -c a lc iu m  f rac t io n .  
T h is  d e c r e a s e  o f  f r e e -c a lc iu m  c o n c e n t r a t i o n  
a p p e a r e d  t r a n s i e n t ,  a s  in b l o o d  p l a s m a  
s a m p le d  2 o r  10 h r  a f t e r  c a lc i to n in  in jec t ion  
f ree -c a lc iu m  leve ls  w e re  s im i la r  to  th o s e  o f  
c o n t ro l  fish (Fig.  1).
In b o th  e x p e r im e n ta l  g r o u p s  p l a s m a  N a +, 
C l" ,  an d  o s m o la r i ty  w e re  u n a f fe c te d  by e x ­
o g e n o u s  c a lc i to n in .  P la s m a  K c o n c e n t r a ­
t io n ,  u n c h a n g e d  in f r e s h w a t e r  f i sh ,  w a s  
s ig n i f i c a n t ly  e n h a n c e d  in th e  c a l c i to n in -  
t r e a t e d  l o w -c a l c iu m - a d a p te d  fish (T ab le  1).
D I S C U S S I O N
S y n th e t i c  s a lm o n  c a lc i to n in  r e d u c e s  the  
f r e e -c a lc iu m  f rac t io n  in the  b lo o d  p la s m a  o f  
s t i c k le b a c k s .  In f ish,  as  in m a m m a ls ,  th is
œ
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F ig . 1. Total  and free-plasma calcium of  fish from 
low-calcium freshwater  (means ± SD of  six samples,  
each sample containing blood from four fish), after a 
single injection (at 0 hr) of  synthetic  salmon calcitonin 
(solid lines) or  solvent (dotted lines).
f r a c t io n  is c o m p o s e d  o f  ionic c a lc iu m  an d  o f  
c a lc iu m  c o m p l e x e d  w i th  p h o s p h a t e ,  c i t r a te ,  
o r  c a r b o n a t e  ( C h a n  a n d  C h e s t e r  J o n e s ,  
1968). B e c a u s e  o f  the  c o n s t a n c y  o f  the ra t io
T A B L E  1
T o t a l  C a l c i u m ,  F r e e  C a l c i u m ,  N a +, K + a n d  C l '  C o n c e n t r a t i o n s ,  a n d  O s m o l a r i t y  i n  B l o o d  
P l a s m a  o f  F i s h  f r o m  F r e s h w a t e r  a n d  L o w - C a l c i u m  F r e s h w a t e r  ( M e a n s  ±  S D  o f  S i x  
S a m p l e s ,  E a c h  S a m p l e  C o n t a i n i n g  P l a s m a  o f  F o u r  F i s h ) ,  6 h r  a f t e r  I n j e c t i o n  o f
S y n t h e t i c  S a l m o n  C a l c i t o n i n  o r  S o l v e n t  ( C o n t r o l s )
Freshw ate r Low-Ca'-+ freshwater
Controls Calcitonin Controls Calcitonin
Total calcium (meq/liter) 5.6 ±  0.4 5.1 ±  0.3 5.2 ± 0.4 4.3 ± 0.3*
Free calcium (meq/liter) 2.9 ± 0.3 2.2 ±  0.2** 2.4 ±  0.2 1.6 ± 0.2**
Na* (meq/liter) 145 ± 3 143 ±  6 136 ±  4 128 ± 5
K '  (meq/liter) 6.4 ±  0.7 7.2 ± 0.8 7.6 ± 0.5 10.8 ± 0.6**
C l '  (meq/liter) 118 ±  5 115 ± 6 117 ± 3 119 ± 4
Osmolarity (mosm/liter) 308 ± 4 313 ±  7 298 ±  6 289 ±  5
* Significantly different from controls ,  P < 0.05. 
** idem. P <  0.01.
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b e tw e e n  the  ionic  a n d  c o m p l e x e d  c a lc iu m  
c o n c e n t r a t i o n s  (C h a n  a n d  C h e s t e r  J o n e s ,  
1968), c a l c i to n in  l ikely  a f fe c t s  th e  p h y s i ­
ologically im por tan t  p la sm a  ca lc ium  fraction.
T h e  e f fec t  o f  c a lc i to n in  on  p la s m a  c a l ­
c ium  w a s  m o re  p r o n o u n c e d  in fish a d a p t e d  
to lo w -c a lc iu m  f r e s h w a t e r  th a n  in fish f rom  
n o rm a l  f r e s h w a te r .  In the  l a t te r  fish to ta l  
p l a s m a  c a l c iu m  w a s  n o t  s ig n i f ic a n t ly  r e ­
d u c e d ,  p o s s ib ly  d u e  to a m a s k in g  e f fec t  o f  
the large p r o t e in - b o u n d  c a lc iu m  f ra c t io n .  In 
the l o w - c a l c iu m - a d a p te d  fish the  r e d u c t io n  
o f  the  free  c a lc iu m  c o n c e n t r a t i o n  a c c o u n t e d  
lor m o s t  o f  the  d e c r e a s e  in to ta l  p l a s m a  c a l ­
c ium . N o  c le a r  e v id e n c e  c o u ld  be fo u n d  fo r  
an e f fec t  o f  c a lc i to n in  on  the  p r o t e in - b o u n d  
f rac t ion .
O u r  d a t a  s h o w  th a t  the  e f fec t  o f  a  single 
in jec t ion  o f  c a lc i to n in  on  p l a s m a  c a lc iu m  in 
s t i c k le b a c k s  is o f  s h o r t  d u r a t io n .  A s im i la r  
o b s e r v a t i o n  w a s  m a d e  by C h a n  et al. (1968) 
in eel .  T h is  m a y  be d u e  to  rap id  m e tab o l i -  
za t ion  o f  the  h o r m o n e  a f t e r  in jec t ion .  T h e  
p o s s ib i l i t y  c a n n o t  be  e x c l u d e d  t h a t  th e  
h y p o c a l c e m i c  e f f e c t  is c o u n t e r a c t e d  by  
h y p e r c a l c e m ic  f a c to r s .  In th is  r e s p e c t  p ro-  
iactin n e e d s  a t t e n t io n ,  s ince  th is  h o r m o n e  
e n h a n c e s  to ta l  p l a s m a  c a lc iu m  in fish (P an g  
et al., 1978; W e n d e l a a r  B o n g a  a n d  V a n  d e r  
Meij, 1980), in c lu d in g  s t i c k le b a c k s  (W e n -  
J e l a a r  B o n g a  et al., 1978). P ro la c t in  r e le a se  
is a lso  s t im u la te d  by c a lc i to n in  in jec t ion  in 
s e a w a te r  s t i c k l e b a c k s  ( W e n d e l a a r  B o n g a ,  
1980). S t r u c tu r a l  s igns  o f  e n h a n c e d  re lea se  
w ere  n o t  o b s e r v e d  w i th in  10 h r  a f t e r  in jec ­
tion, h o w e v e r  (u n p u b l i s h e d  o b s e r v a t io n ) .  It 
r e m a in s  to  be e s t a b l i s h e d  w h e t h e r  e n d o g ­
e n o u s  p ro la c t in  is ab le  to e n h a n c e  p l a s m a  
ca lc iu m  w i th in  10 h r  a f t e r  c a lc i to n in  in jec ­
tion.
C a lc i to n in  did  no t  n o t i c e a b ly  in f lu en ce  
p la sm a  N a +, C l" ,  o r  o s m o la r i ty .  C h a n g e s  in 
p l a s m a  C l"  ( P a n g ,  1971) a n d  o s m o l a r i t y  
(O r im o  et al., 1972) h a v e  b e e n  r e p o r t e d  
a f te r  c a lc i to n in  in jec t io n  in fish. W e  did find 
a s ig n i f i c a n t  i n c r e a s e  in th e  p l a s m a  K 
c o n c e n t r a t i o n  o f  the  l o w - c a l c iu m -a d a p te d  
f ish ,  a l t h o u g h  t h i s  r i s e  m a y  h a v e  b e e n
c a u s e d  by lea k ag e  o f  K /  f ro m  the  b lood  
cel ls .  A r e d u c t io n  in p l a s m a  ionic c a lc iu m  is 
k n o w n  to e n h a n c e  the  p e rm e a b i l i ty  o f  c e l ­
lu la r  m e m b r a n e s  fo r  K + (M orr i l l  a n d  R o b ­
b in s ,  1967).
T h e  fa i lure  to  d e m o n s t r a t e  an e f fec t  o f  
c a lc i to n in  on  p l a s m a  c a lc iu m  in fish (P an g  
et al., 1971; C o p p  et al., 1972; O r im o  et al., 
1972; Y a m a u c h i  et al., 1978a; W e n d e l a a r  
B o n g a ,  1980) m ay  h a v e  s ev e ra l  c a u s e s .  It 
m a y  pa r t ly  be d u e  to the  fac t  th a t  in m o s t  
s t u d i e s  o n l y  t o t a l  p l a s m a  c a l c i u m  w a s  
d e te r m in e d .  A n e f fec t  o f  the  in jec ted  h o r ­
m o n e  m a y  h a v e  b e e n  m a s k e d  b y  t h e  
p r o t e in - b o u n d  c a l c iu m ,  as  w a s  s im i la r  in 
the  f r e s h w a t e r  fish e x a m in e d  in th is  s tu d y .  
H o w e v e r ,  o t h e r  f a c to r s  a re  l ikely in v o lv e d  
in ad d i t io n .  C a lc i to n in  m ay  h a v e  b e e n  a d ­
m in is te re d  in i n a p p r o p r i a t e  c o n c e n t r a t i o n s ,  
o r  the  e f fec t  o f  the  h o r m o n e  m ay  h a v e  e s ­
c a p e d  a t t e n t io n  b e c a u s e  o f  its s h o r t  d u r a ­
t ion .  O u r  p re l im in a ry  e x p e r i m e n t s  on  m ale  
a n d  f e m a le  i m m a t u r e  s t i c k l e b a c k s  h a v e  
s h o w n  th a t  the  t im e  lag b e tw e e n  c a lc i to n in  
i n j e c t i o n  a n d  h y p o c a l c e m i c  r e s p o n s e  is 
h i g h l y  t e m p e r a t u r e  d e p e n d e n t .  In  f i s h  
a d a p t e d  to 15, in s te a d  o f  22° in the  p r e s e n t  
e x p e r i m e n t s ,  a s ign if ican t  h y p o c a l c e m ia  did 
no t  o c c u r  b e fo re  9 h r  a f t e r  h o r m o n e  a d m in i s ­
t r a t io n .  F ina l ly ,  the  poss ib i l i ty  n e e d s  c o n ­
s id e r a t io n  th a t  t h e r e  a re  s p e c i e s - s p e c i f i c  
d i f f e re n c e s  in the  r e s p o n s e s  to e x o g e n o u s  
ca lc i to n in .
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